In this study, we have developed a validated high-performance thin-layer chromatographic (HPTLC) method for the simultaneous quantification of two phenolic biomarkers, protocatechuic acid The quantities (%w/w) of compound 1 / compound 2 in ACEAE were found as 18.84% / 13.64% of the dried weight of the extract. In vitro 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay showed the promising free radical scavenging activity of ACEAE (69.00 ± 2.99%) and compound 2 (63.86 ± 2.02%) which were comparable to ascorbic acid tested at 400 µg mL −1 . ACEAE was found to be highly active against all tested bacterial strains, Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa; however, Candida albicans was found to be susceptible to both compound 2 and ACEAE. The presence of compound 2 in high quantity in the ethyl acetate fractions of A. cepa peel (ACEAE) validated its antimicrobial and antioxidant property. The above developed HPTLC method can be further employed in the analysis of these markers in marketed formulations and in the quality control of herbal drugs.
Introduction
Plant-based drugs have been used worldwide for the treatment of a wide range of diseases to both humans and animals [1] . Natural products are undoubtedly the rich source for the diversity in the chemotypes for the search of new lead compounds to develop therapeutic agents [2] . For this reason, medicinal plants are being thoroughly investigated by scientists in the search for new lead compounds to develop therapeutic agents [3] . However, the assurance of safety, quality, and therapeutic efficacy of herbal medicines has become an important issue, so the standardization of plant materials will help to address this problem [4] . Among the various quality control methods, chromatographic finger printing has attained tremendous attention [5] . Several pharmacopoeia monographs for plant materials often describe only physicochemical parameters. Thus, the advanced methods representing the identification and quantification of active chemical constituents in plant materials may be useful for the proper standardization of herbals and their preparations. Moreover, the World Health Organization (WHO) emphasized the need to ensure the quality of medicinal plant products using modern controlled techniques and applying suitable standards [6] .
Onion (Allium cepa L.), belonging to the family Amaryllidaceae, is one of the world's oldest cultivated vegetables and the most widely used functional food worldwide. About 780 Allium species are currently estimated [7] . Onion bulbs are extensively used not only as food flavorings, but also as significant sources of beneficial compounds such as allicin and their derivatives [8] as well as some flavonoid glycosides. However, processing and consumption of onion bulbs result in the generation of about 15 million tons of onion by-products in the form of peels and skins, annually [9] . These waste materials contain primarily biodegradable substances, a large part of which are polyphenols. The outer dry layers of onion bulbs, which are not edible and removed before processing, have been shown to contain a wide spectrum of polyphenolic components [10] . Moreover, onion wastes are not suitable for fodder disposal due to the rapid growth of phytopathogens, e.g., Sclerotium cepivorum (white rot). Therefore, processing onion wastes together with obtaining natural antioxidants as food supplements [11] could represent a solution to the environmental problem derived from the great onion wastes disposal. The aim of the present study was to develop and validate a sensitive high-performance thin-layer chromatographic (HPTLC) method for the concurrent analysis of polyphenols protocatechuic acid (compound 1; Figure 1A ) and quercetin 4ʹ-O-β-d-glucopyranoside (compound 2; Figure 1B ) in the A. cepa ethyl acetate extract (ACEAE) to justify its use as natural antioxidant in food supplements. 
Experimental

Plant Material
A. cepa L. cultivated in Hail, Saudi Arabia, was purchased from a local market at Riyadh, in March 2011 and identified by Dr. Mohanad Aziz, taxonomist, College of Food Agricultural Sciences, King Saud University, Riyadh. A voucher specimen (ATA32-1) is deposited in Department of Pharmacognosy, Pharmacy College, Riyadh, KSU.
Extraction and Isolation of Plant Material and Phenolic Biomarkers
The air-dried onion peel (1 kg) was ground to coarse powder and extracted with 70% acetone in distilled water (6 × 2 L) at room temperature for 48 h, till the complete exhaustion of the crude drug. The extracts were combined and filtered, and the clear supernatant was evaporated to dryness under reduced pressure on wiped film evaporator at 45 ± 5°C which yielded to a reddish residue of 156.2 g. Low and intermediate molecular weight flavonoids can be extracted with solvent such as aqueous acetone [12] . The obtained residue was dissolved in 30% methanol in distilled water (0.5 L), and the resulting hydromethanolic solution was fractionated with petroleum ether, chloroform, ethyl acetate, and n-butanol (3 × 0.5 L each), successively. The ethyl acetate extract (ACEAE) was found to be 80 g, and out of this, an amount of 70 g of the extract was subjected to normal-phase chromatography (Si gel 500 g, 100-200 mesh, 1.5 m × 4 cm) using CHCl 3 as the eluent. The polarity of the mobile phase was increased gradually by adding methanol in chloroform as 2%, 5%, 10%, and 15% MeOH in CHCl 3 and, finally, 100% methanol. All the fractions collected with 5% and 10% MeOH in CHCl 3 were combined together according to their thin-layer chromatography (TLC) behaviors and concentrated to dryness under reduced pressure at 40°C. The obtained residue (25.4 g) was rechromatographed using silica gel (100-200 mesh) column and eluted with a CHCl 3 -MeOH mixture with increasing polarity. A total of 124 fractions (50 mL each) were collected, and fractions 25-40 (eluted in 5% MeOH in CHCl 3 ) exhibited similar TLC patterns, were pooled, and evaporated to residue (15 mg). The obtained residue was crystallized in hot methanol to yield a pure compound (98%) which was identified as protocatechuic acid (compound 1) on the bases of the reported spectral and physical data [13] . Protocatechuic acid (6.5 mg) was a white crystalline powder (R f , 0.36; m.p. 198-200°C; C 7 H 6 O 4 , EMSI: m/z = 154 with five degree of unsaturation and 13 C-NMR). Similarly, the fractions eluted with 15% MeOH in CHCl 3 were clubbed together to furnish another flavonoid glycoside as a pure compound (98%) which was identified as quercetin 4ʹ-O-β-d-glucopyranoside (compound 2) (45 mg) on the basis of the reported spectral and physical data [14, 15] .
Apparatus and Reagents
Biomarkers compound 1 and compound 2 were isolated from red onion peel. In addition, AR grade toluene, ethyl acetate, and formic acid were procured from BDH (UK). The glass-backed silica gel 60 F 254 plates for the HPTLC analysis were procured from Merck (Darmstadt, Germany). Furthermore, compound 1 and compound 2 along with ACEAE were applied bandwise (sequentially upon one another) to the chromatographic plate using a CAMAG Automatic TLC Sampler 4 (CAMAG, Muttenz, Switzerland), and the plate was developed in automatic development chamber (ADC2) (CAMAG). The developed HPTLC plate was then scanned and documented by CATS 4 (CAMAG) and TLC Reprostar 3 (CAMAG), respectively.
HPTLC Instrumentation and Conditions
The HPTLC analysis of compounds 1 and 2 in ACEAE was carried out on 20 × 10 cm HPTLC plates, where the band size of each track was 6 mm wide and 7.6 mm apart. Both the markers as well as the extracts were applied on the HPTLC plate at a rate of 160 nL s −1 using microliter syringe fitted with the automatic TLC Sampler 4. The plates were developed in a pre-saturated twin-trough glass chamber (20 × 10 cm) under ideal chamber saturation conditions (at 25 ± 2°C and 60 ± 5% humidity). Furthermore, the developed HPTLC plates were dried and quantitatively analyzed at λ = 275 nm wavelength in the absorbance mode.
Preparation of Standard Stock Solutions
The stock solutions of compounds 1 and 2 (1 mg mL −1 ) were prepared in methanol, following further dilution with methanol to provide seven different concentrations ranging from 10 to 70 μg mL −1 . A amount of 10 μL of each dilution was applied on the HPTLC plate through the microliter syringe attached with the applicator to provide the linearity range of 100-700 ng band −1 .
Validation of the Method
The proposed HPTLC method was validated according to the latest International Conference on Harmonization (ICH) guidelines [16] for determination of the limit of detection (LOD), limit of quantification (LOQ), linearity range, precision, recovery as accuracy, and robustness.
Quantitative Estimation of Compounds 1 and 2 in ACEAE
Both the standards (compounds 1 and 2) and the test solution (ACEAE) were spotted on HPTLC plate. The percentages of compounds 1 and 2 present in ACEAE test solution were determined by measuring the area for the standards and the test solution. Thereby, the percentages of both standards were calculated in ACEAE.
In vitro Antimicrobial Assay
The agar (Oxoid) well diffusion method [17] as adopted earlier [18] was used for the antimicrobial assay. An amount of 0.1 mL of diluted inoculum (10 5 CFU mL −1 ) of the test organism was spread on Muller-Hinton agar plates. Wells of 8 mm diameter were punched into the agar medium and filled with 100 µL of ACEAE of 100 mg mL −1 concentration and solvent blank (dimethyl sulfoxide [DMSO]) separately. In the current study, the following organisms were used to assess the antimicrobial activity: Staphylococcus aureus (25922), Escherichia coli (25923), Pseudomonas aeruginosa PAO1, and Candida albicans (SC315). The plates were incubated for overnight at 37°C. The antimicrobial activity was evaluated by measuring the zone of inhibition against test organism. Antibiotics (ampicillin and doxycycline) were used as standards against bacteria, while nystatin was used as the standard antifungal drug. Each experiment was performed in triplicate. Statistical analysis was done on Sigma plot 12.
In vitro Antioxidant Assay (DPPH Radical Scavenging Assay)
The free radical scavenging activity of ACEAE and compound 2 against stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) was determined spectrophotometrically by the slightly modified method of Gyamfi et al. [19] as described below. When DPPH reacts with an antioxidant, which can donate hydrogen, it is reduced. The changes in color (from deep violet to light yellow) were measured at 517 nm on an ultraviolet (UV)/visible light spectrophotometer (Spectronic 20 D+, Thermo Scientific, Waltham, MA, USA). An amount of 50 µL of the ACEAE, yielding different concentrations, was mixed with 1 mL of 0.1 mM DPPH in methanol solution and 450 μL of 50 mM Tris-HCl buffer (pH 7.4). Methanol (50 μL) was used as a vehicle control in the experiment. After 30 min of incubation at room temperature, the reduction of the DPPH free radical was measured spectrophotometrically. Ascorbic acid was used as positive control. The test was carried out in triplicate. Statistical analysis was done on Sigma plot 12. The radical scavenging activity was calculated from the equation: % Radical scavenging activity = [1 − (Abs sample / Abs control )] × 100
Statistical Analysis
Statistical analysis was carried out by one-way analysis of variance (ANOVA) followed by Dunnet's test for the estimation of the total variation in a set of data. The results were expressed as mean ± SD. P < 0.01 was considered significant.
Results and Discussion
HPTLC Method Development and Validation
The mobile phase selection for the HPTLC analysis was carried out by testing various mixtures of different solvents. Of these, the mixture of toluene, ethyl acetate, and formic acid in the ratio of 3:6:1 (v/v) was found the best mobile phase for the development and quantitative analysis of compound 1 and compound 2. Intense, sharp, and compact peaks of compound 1 and compound 2 were found at R f 0.56 ± 0.001 and 0.05 ± 0.001, respectively (Figure 2 ). This method clearly separated the biomarkers compound 1 and compound 2 as well as the different constituents of ACEAE (Figure 3) . The mobile phase volume and the optimized saturation time for the method were 20 mL and 20 min, respectively. The proposed method was found to be quite selective with high baseline resolution. , respectively (Table 1) . The recoveries as accuracy study for the proposed method were recorded ( Table 2 ). The (%) recovery / RSD The intra-day and inter-day precisions for the proposed method are recorded in Table 3 , and the percent relative standard deviation (%RSD) values for intra-day / inter-day precisions (n = 6) of compound 1 and compound 2 were 1.14-1.26/1.08-1.23 and 0.97-1.18/0.93-1.16, respectively, which exhibits the good precision of the proposed method. The robustness of the proposed method was checked by making a small deliberate change in the mobile phase composition, saturation time, and mobile phase volume; the obtained data are reported in Table 4 . The low values of SD and %RSD indicated that the proposed method was robust.
HPTLC Analysis of Compounds 1 and 2
The proposed HPTLC method was used for the simultaneous quantification of compound 1 and compound 2 in the ACEAE (Figure 4) . By applying the above developed method, the quantity of protocatechuic acid (compound 1) and quercetin 4ʹ-O-β-d-glucopyranoside (compound 2) in ACEAE was found to be 18.84 and 13.64% w/w of the dried extracts. This is the first report which demonstrates the development of an economical and precise HPTLC method for the simultaneous analysis of two phenolic biomarkers found in the peel of A. cepa.
HPTLC has become a valuable effective tool for the estimation of botanical materials. It offers a better resolution of phytoconstituents with efficiency and cost-effectiveness [20] . It is becoming a common fingerprinting method and is widely used in the pharmaceutical industry for the quality control of herbs, herbal formulations, and health products because of several advantages which include the following: small amount of mobile phase is required; numerous samples can be run in a single analysis, thereby dramatically reducing the analytical time as well as the cost of the study; and the same analysis can be viewed using different wavelengths of light, thereby providing a more complete profile of the plant than is typically observed with more specific types of analyses [21] [22] [23] [24] [25] [26] . Table 2 Recovery as accuracy studies of the proposed HPTLC method (n = 6).
Percent (%) of compound 1 and compound 2 added to analyte Table 3 Precision of the proposed HPTLC method (n = 6). 
In Vitro Antimicrobial and Antioxidant Assay
The evaluation of the antimicrobial and antioxidant properties of quercetin 4ʹ-O-β-d-glucopyranoside (compound 2) and ACEAE was carried out using agar well diffusion method (Table 5 ) and free radical scavenging assay (Table 6 ), respectively. As mentioned in Table 5 Table 6 Free radical scavenging activity of ACEAE and compound 2 by DPPH method.
Name of the sample respectively). Furthermore, C. albicans was found to be susceptible to both compound 2 and ACEAE (zone of inhibition: 21.0 and 15.0 mm, respectively) and was comparable to nystatin (zone of inhibition: 23 mm). These results suggested that the ethyl acetate extract of A. cepa peel will be very effective in the treatment of infections caused by S. aureus and C. albicans. Moreover, the DPPH radical scavenging assay exhibited a moderate antioxidant activity at a dose-dependent manner for both compound 2 and ACEAE. The highest radical scavenging activities for compound 2 and ACEAE were found to be 69.00% and 63.86% at 400 µg mL −1 concentration, respectively, which was comparable to the ascorbic acid (95.20%) ( Table 6 ).
Conclusion
This is the first HPTLC method reported for the simultaneous quantification of the biologically active markers protocatechuic acid (compound 1) and quercetin 4ʹ-O-β-d-glucopyranoside (compound 2) in the ethyl acetate extracts of the peel of A. cepa which can be further applied in the analysis of these biomarkers in extracts of other plant species as well as in the marketed preparations, quality control of herbal drugs, and study of their degradation kinetics. The peel of A. cepa was also found to be highly active against S. aureus and C. albicans, which supports its use in bacterial as well as fungal infections. This plant can be further subjected to the isolation of more active antimicrobial and antifungal compounds.
